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ABSTRACT

We report of the discovery and properties of Cepheid variable stars inthe
barred spiral galaxy NGC 3351 whichis amember of thel.co 1 group of galaxies.
NGC 3351 is onc of 18 galaxies being observed as part of the Hubble Space
Telescope (F1ST) Key Project on the Fxtragalactic Distance Scale which aims
to determine the Hubble Constant to 10% accuracy. our analysisis based 011
observations made with the Wide Field and Planetary Camera 2 during 1994
and early 1995. Thel.col group containsseveral bright galaxies of diverse types
and is very suitable for linking togethier anumber of secondary calibrators which
can be employed at much greater distances than the Cepheid variables. W ¢
identify 49 probable Cepheids within NGC 3351 inthe period range 10- 43 days
which have been observed at12epochswiththel*b55W filter and 4 epochs using
the 1814W filter. The ST FF550W and '814W data have been transforimed
to the Johnson V and Cousins I magnitude systems respectively. Photometry
has principally been carried out using the 1) AOPH OT'/ALLIFRAMIS package.
Reference is made to parallel measurements being made with the 1)01'110'1
package.

Apparent period-luminosity functions for V and J have been constructed
assuming valucs of jig= 18.50 4 0.10 magnitudes and 1(5- V) = 0.10
magnitudes for the distance modulus and reddening of tlie Large Magellanic
Cloud. A true distance Il 1odulusof 30.01 4 0.19 mag is derived corresponding,
to a distance of 10.05: 0.88 Mpc with areddening I5(V-71)= 0.15 niag. A
comparison is made with distances estimated for other galaxies inthel.co 1
group using various distance indicators. There is good agreement with the
Surface Brightness Fluctuation and Plancetary Nebula Luminosity IFunction

micthods as calibrated by the Cepheids in M31.



Subject headings: galaxies: individual(NGC3351) - galaxies: distances - stars:

Cepheids
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1. introduction

NGC 3351 (M95)((2000) = 10*43™58%; 6(2000) = -111042'15") is a bright ncarby
cxample of a barred spiral galaxy. Sandage and Tammann (1981) classify NGC 3351 as
SBb(r)Il and give a By=10.52 mag. The de Vaucouleurs (1 975) type is SB(r)b. Ground
based images (see, for example, Sandage & Bedke (1 994) pancls 168 and 1 70) show a
bright nucleus, broad bar and two major arims madc up of stellar knots interlaced with a
complex web of absorbing dust lanes. NGC 3351 contains a circuinnuclear structure which
is related to a twill-peaked CO distribution (Rubin,Ford, & Peterson 1975; Keney et
al. 1992). Pronounced non-circular velocities apparently result from material strea ming
into the nuclear region from both Nliand SW and triggering star formation there. Rubin
ct al. adopt aninclination of 40° anda heliocentiric systemic velocity of 77943k s?.
This corresponds to a velocity of 643km s! withrespect to the local standard of rest.
While the galaxy has considerable interest in its own right as an evolving stellar system,
fromnthe viewpoint of thellubble Space Telescope (11 S'1') Key Project,its most significant
characteristic is its membership of the 1 .co 1 group whichincludes several other bright
galaxies with morphological types ranging from clliptical (NGC 3377, 3379) and lenticular
(NGC 3384) tolate-type spirad and Magcllanic irregular types, Several degreesto the cast,
we see the Leo triplet of highly inclined spiral galaxics (NGC 3623, 3627, 3628). With its
reasonably open structure yet appreciable inclination, NGC 3351 was marked early asa
galaxy likely to be rich in Cepheid variable stars and thus of high potentialin the Distance

Scale Project. We note that it is one of the carliest spiral types included in our sample.

Freedmanet al. (1 994a) have summarized the eflectiveness of HSY in detecting and
measuring Cepheid variables in external galaxies. Not only the better resolution of the
telescope but also the ability to optimally scliedule the telescope makes it possible to

carry out a survey andastudy of these starsinonly acouple of months rather than over
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the many years, cven decades, whit.} ~ would be needed for a ground- bad study. The
ultimate aim of the HS'T Key Project is to provide an absolute magnitude calibration for
the extragalactic distance scale. This will enable the Hubble constant to be determined
to within 10% (Kennicutt, }reediman, & Mould 1995). The essence of the program is to
determine Cepheid distances via the period-luminosity relation (P relation) to 18 galaxies
with redshifts out to about 1500 kins ! . Theseinturn will provide the calibration for
anumber of secondary indicators such as the Tully-Fisher relation, the Planctary Nebula
Luminosity Function, the Surface Brightness J'luctuation method and those criteria related
to supernova brightness and expanding envelopes. As de Vaucouleurs (1975) noted, the
Leo group is one of the very best for the calibration of those distance indi cators which are

app licable to galaxics of a particular type.

Theresults for five galaxies in the Key Project prograin have now been published.
These are M81 (Ireedman et al. 1994a), M100 (Freedman et al. 1994b; Ferraresc et al.
1996); M101 (Kelson et al. 1996), NGC 925 (Silbermann et al. 1996), and NGC 3621
(Rawson ct al. 1996). In a rclated HS'T project, Cepheids have been located and studied
in1C 4182 (Saha ct al. 1994), NGC 5253 (Sahacl a. 1995) and NGC 4536 (Sahaclal.
1996). First results have also been published for NGC 4639 and NGC 4496A (Sandage ct
al. 1996). Cepheids have been detected inthe Leo 1 galaxy NGC 3368 (M96) by Tanvir et
a. (1 995). As the data accumulate, our confidercein the reliability of Cepheid variables as
primary distance indicators continucstogrow. Mouldet al. (1995) discuss thelimits that

ca n be placed on the Hubble constant at present.



2. observations and Data Reduction
2.1. Observations

The observing strategy is discussed in detail in previous papers of this series (e.g.
Ferraresc et a. 1996) and wc refer to these for more complete descriptions. Here we discuss
only those issues which relate directly to this particular series concerning NGC 3351.
The 11S'1" observations began on November 29 1994 using the Wide Field and Planctary
Camera 2 (WFPC2). A total of 24 V images at 12 epochs, spaced over a 54 day interval,
was accumulated using the 1'555W filter. Within this samec interval 8 additional images
covering 4 cpochs were obtained with the 1~%14W filter to measure I agnitudes. All
observations were carried out at thesame telescope pointing and roll angle. The positional
repelition over the 54 day interval was Letter than 0.07 arcsec which significantly simplified

the identification of stars ondiflerent frames,

The region we have observed in N GC 3351 isshown in Figure 1 whichis taken from
a 2018 x2048 image (V filter) obtained al the Las Campanas Observatory 2.5m du Pont
telescope. The PC chip covers thesmallest field. We refer to thisas chip 1. The three WIC
chips cover the 3 larger fields. Wc will refer to these as chips 2, 3 and 4as in the 3 ficlds

cncountered anti-c. ockwise as onc rotates from the PC field.

The summary of observations and exposurctimes is givenin ‘Jable 1. Thesampling
st rategy has been discussed by Freedman et a. (] 994a).1'he spacing between  observations
was chosen Lo maximize the probability of detecting Cepheids with period between 3 and
60 days allowing at the same tiine for an optimum sampling of the light curve and reducing
the likelihood of aliasing. W c were fortunate that the actual observations followed very
closcly our requested sampling sequence. 1Yigure 2 illustrate the probability that a variable

with period 17 is detected given the temporal sampling on the assumption that all initial



phasecs arc equally likely (cf. Saha ct al. 1994). In the calculation, theincompletencss due
to magnitude selection effects is not taken into account. This factor becomes severe for
faint stars because of the large mcasuring errors in the magnitudes. Note Figure 2, that
with our sampling, there remains some data clumping with consequent loss of information
through redundancics near periods of 10 days. Also, because of the slope of the P relation
and the incompleteness atl fainter magnitudes, few Cepheid variable stars are likely to be

discovercdal periods less than 1(1 days.

2.2. Data Reduction

Routine calibration via the standard pipcline maintained by the Space ‘Telescope
Science Institute (ST'Scl) has been carried out as described in previous papers of this series.
All exposures were takenat the low CCI operating temperature of - 88°C so that the hot
pixel problemn was minimized and the “charge transfer effect” photometry gradient reduced
to an insignificant amount (Holtzman ct al. 1995; Hill et al. ] 996). As far as possible, bad
pixcls arc identified and flagged. The following standard teamn procedure for processing the

ficlds has been forimulated by Stetson and Saha.

(1) All images arc retained in their 800x800 format rather than being trimmed.
Vignetted regions and bad pixels are marked as follows, Using two pipeline flats, onc for
cachI'bbO5W and 1{’814W filter, pixclsthat differ fromthenedianfor the chip by less than
a factor rootl 2 arc reset to O; pixels that differ from the median by more than root 2 have
been reset to G4. The V and 1 masksare summed so that all pixels which are bad in ¢ither

the Vo or the Ilat are masked ofl in all of the data.

(2) To minimize truncation errors, images are multiplied by 4 before being converted

to short integers.
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(3) The science exposures are multiplied by a pixelmaps which correct for geometrical
distortion within the reimaging optics of WFPC2. This has to be done because individual
pixels do not map onto exactly equal areas inthe sky thus lcading to a distortion) in the
flat fields sky exposures. While frames which have been corrected by pipeline flats correctly
represent the surface brightness of’ astronomical objects, integrated fluxes are distorted.
Multiplying; thenormalized scienceimages by a map of the projected pixel areas restores a

correct flux scale to cach pixel.

The first 50 rows and columns of cach CC]) ficld were blocked out due to vignetting.

3. Photometric Reduction

Photometric analysis of the data has been carried out “independently by J. Graham
al the 1)epartment of Terrestrial Magnetism using AOPI O and AL LIFRAME (Stetson
] 994) and by R. Phelps at the Carncgic Obscrvatories using Dol’HO'T (Schechter, Matco,
& Saha1993). As pointed outin earlier papers (c.g. Ferrarese et a. 1996), the philosophy
behind the two program packages is quite different, Thus there is a useful check on the
results for systematic errors whichmight otherwise go unmoticed if only one of the programs
is used. Vor example, random noise cvents cause diflerent responses in the two programs
making them easily identifiable and clearly distinguishable from real variations in stellar

brightness. The methods for determining sky background are also different.

Standard tcam procedures were used for the A L1.FRAMI measurcinents (sce for
cxample Silbermann et al. (1996)). As described in more detaiiinlillet al. (1996), there
arc a few siall corrections 1t ecessary 1o bring the photometry (6 the standard system
used by ©ters with the 1IST. We again have calculated the necessary apertu e corrections

to bring computed ALLFRAMY magnitudes to aperture photometry with an aperture
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diamcter of 0.5 arcsec as recomn end ed by Holtzman et al. (1 995). Since al our observations
arc referred to thiefirst frame of the series, we have calculated these corrections only for
that first frame. About ‘20-30 isolated, bright but unsaturated stars were sclected from cach
field and aperture phometry carried out over scveral apertures up to and just exceeding
the one corresponding to 0.5 arcsec diameter. The D AOPHOT routines D AOGROW were
then used to determine an image growth curve for cach chip (Stetson 1990). These growth
curves were then inverted to give a predicted ().5 arcscc magnitude for each of the stars
uscd. This was then compared directly with the incasured ALLFR AME magnitude and a
correction cor nputed. The average A L1LFRA M1 aperture correction was then used for all

other stars. The aperture corrections are shown in Table 2.

The DOI']l O’ phiotometry was performed using a variant of the DoPH O'T' package
(Schechter et al. 1993, Sahactal. 1 991) whit]] was developed by A. Sahato deal with the
photometry of undersampled images such as thosc oblained withthe 11 S'1'. The principal
modification consists of anadditional term, 38, in the specification of the point spread
function which modifics the wings of the PSH to compensate for the undersampled image.
Additional disc ussion of the application of DoP11OT to photometry of 11S'1’ images can be

found in Ferrarcse et al. (1996), Hillet al. (1996) and Sahact al. (1996).

A color correction was also applied. We used the following relations suggested by
Holtzinan et a]. (1995) to obtain V and I magnitudes on the Johnson and Cousins systems

respectively.

v = 10555W ().052( v 1)-10.027( v 1)?
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]=F814W - 0.063( V- 1)-| 0.025( V-1)?

1o good approximation, a V-1 of 1.0 used, in these functions gives the same color correction
over a range V-1 from 0.8 to 1.3 which will include most Cepheids. Again the c,0lo1
correction is small, 110 more than a few hundredths of a magnitude. There has been some
controversy over whether or not a correction of about 0.05 mag betweenlong and short
cxposure frames is appropriate (11 ill ¢t a. 1996). All of the Cepheid program frames
are long exposure, but frames which have been USCd for calibration purposes have shorter
exposures. Work by Stetson suggests that such an effect should be taken into account and

we have included it in our calibration (Hill et al. 1996).

The several sequential stepsinthe calibration procedure leave openthe possibility
of cumulative error. Thus, we think it wise to make available for cach chip a set of
measuremnents of bright unsaturated stars which can be reincasured easily at a later date.
The stars used in the growth curves are very suitable for this purpose and we include in

Table 3 positions and A LILFRAME magnitudes for several of thesc for cach chip.

The independent data reductions using ALLIFRAMI and DoPHO'T provide a good
external test for the accuracy of the PSK fitting inthese crowded and comnplicated fields. A
detailed discussion and comparison of these programms will be presented in a future paper
(Stetson et d. in preparation). Here we sumimarize the results of our comparisons for NGC
3351. We first compared the photometry for the relatively isolated bright stars 011 each chip
listed in Table 3. We then performed the same comparison for the Cepheids in our final
sample. In botl 1 cases the overall agreement is rcasonable. *J he mean differences for cach
chip along with the internal standard errors for these ncanis are listed in ‘l'able 4. Some
large individual differences remain and we have excluded in thie computation differences

greater than twice the standard deviation per star. We arc continuing to explore the nature
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of the isolated discrepancies and we shall present a more complete discussion in Stetson et

al. (in preparation).

Since 110 serious discrepancics arc found, for simplicity and consistency with other
papers of this series, we arc presenting the resulls of only one of the two sets of photometric
data, that from ALLFRAMI. The AL L 'RAME photornetry for each staris listed in ‘J able
5 along withthe mean Julian Datc of the observation and an estimated 10 error based 011
the psf fitting. We believe these anticipated errors arc conservative and mostly arise from
fitling a psf to undersampled images for which most of the counts are confined to a single
pixel. As will bescen from the light curves, epoch to epoch variations indicate that, for
bright stars, the reported errors may beoverestimated by a factor of about two. Since two
cosmic ray-split exposures arc obtained at cach epoch and the photometric reduction is
done independently 011 each of them, wc have averaged the two magnitudes measured at
each epoch unless the reported magnitude error was greater than three times the standard

deviation. In such a case, only the more precise value of thel pair was used.

4. Variable Star Search

4.1, (a) DAOPHOT/ALL FRAME Data Set

Two methods have been used by JAG to scarch the D AOPHOT/ALLFR AM). data
sctl. They complement cach other by emphasizing in turn the tasks of detecting variability
and scarching for periodicity. The first is a version of the Welch - Stetson corrclated residuals
procedure which has been adapted for the p roject by N. Silb ermmann. The method is
described by Welch & Stetson (1 993). 1t depends 011 the simple conicept that, while
photometric mncasuring, errors have a random distribution with time, residuals duc to

intrinisic variability are likely to be st rongly correlated. T'he method works especially well
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withthe 11 ST data sets in which observations arc paired for random cvent (cosmic ray)
removal. A variability index is computed for cach of the starsincasured by ALLFRAM L.
A filter is incorporated into the program to remove the large diflerences which may be
introduced by isolated crroncous inagnitudes. This also serves to remove cpochs for which
ALLFRAME finds itself unable tommcasure a sensible magnitude and outputs instead an
unrcalistically large one. A lower limit onthe index needs to be specified i order to limit
thesuspect list to those stars which have some chance of being variable. The resulting list
is then sorted indecrcasing value of theindex. The true variable starscan usualy befound
al the top of this list. occasionally, a bad pixel mcasurcient will produce a single epoch
magnitude which will distort the index and give ancrroncous detection. Such cases arc

casily spotted by inspection.

Another powerful method of Cepheid detection is to attempt o fit a period for the
scquence of mecasured magnitudes. Ior this we have used a version of the Lafler-Kinman
(1965) technique as formulated by Stellingwerf (1978). Our version was adapted for the
project by S, Hughes. Onbeing given a period range to scarch, the “pliase dispersion
minimum” program takes the data set, ant] withatrial period computes phases. The
magnitudelist is reordered in order of phascand adiflerence sumn of the adjacent brightness
mecasurcments is calculated. For a random series of magnitudes, this diflerence remains
large, regardless of changes in the input period. When there is a real periodic variation
and the correct period is approached through the successive trials, the sum becomes sinall.
The program computes the diflerence sum for a succession of trial periods whose spacing
depends 011 the time base of the data set and outputs the periods for which it is at a
minimum, along wi th graphical displays of the diflerence sum vs period, magnitude vs
cpoch and magnitude vs phasc for those periods. The method is particularly eflective at
finding periods between .25 and 1.0 times the time base of the observations. For shorter

periods, it, tends to get confused by the photometric residuals and will compute spurious
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periods. lixperience shows that the phase dispersion minimum method is more sensitive to
large residuals in the photometry (e.g. from random events on the chip)thanthe correlated

residuals method.

4.2. (b) DoPHOT Data Set

The scarch for variable stars with the DoPH O'T' data sct was performed using each
of the 24 I'555W (V) images in a manner somewhat different from the technique outlined
by Ferraresc et a. (1 996). A frame was created by co-adding 16 of the individual frames
and applying the “pclip” cosmic ray rejection algorithm within IRAYK. A master list of
objects was then obtained by performing aDoPH 0'1’ run 011 the master frame. The master
list with coordinates transformed to cach of the appropriate individual frame coordinate
systems was then used as the input list for ] JoPHOT photometry runs on each frame. The
end result was a set of 24 photometry files for the 12 ep ochs, with each c¢poch having two
cosmic ray split frames. Calibration of the DoPPHO'T output magnitudes is discussed in Hill
ct al. (1996).

The detection of variable stars is accomplished by an automated routine which is

cssentially identical to that described in Saha and Hocessel (1 990a). A star is flagged as

a candidate variable based 011 a x°tlest of tlic deviation, weighted by the photometric
uncertainty, of a star’s magnitude over aspecified number of epochs. After the staris flagged
asa candidate variable, a periodicity test is performed using again the Lafler-Kinman (1 965)
algorithm. Using a range of test periods, minima in the spectrum of the difference suin
statistic are used to determine possible true periods. A period refinement, using software
developed by A. Saha, is thenmade by interactively investigating other less likely periods
that result from different distance sum minima. In this way, onc can exclude periods which

may result from spurious points suchras inight occur as a result of cosmic ray events or from



aliases.

4.3. (c) Search Results

Our endeavor is {0 obtain as sample of Cepheid variable giars with properties similar
tothose known in the Galaxy and the Magellanic Clouds. Thus the prime criterion for
accepting astar as such inNGC 3351 is the appearance of the light curve relating magnitude
to phase-wrapped ¢p och. Quantitative paramcters, such as those based on correlated
residuals or phase dispersion minima are invaluable for discovery but quantitatively arc
susceptible to random events and photometric errors. They are not helpful in distinguishing
long period variables, cclipsing stars and novae, for example, from Cepheids. More
sophisticated routines for doing just this arc currently being tested at the Dominion
Astrophysical observatory by 1'. Stetson. Typical Cepheidlight curvesare well-kl)owll {rom
the LM Csample (e.g. Wayman, Stiflt, & Butler 1 984). They are sometimes sinusoidal
but morc often show a rise in brightness more rapid than the decline. In some senses,
discrimination by light curve-shape paramcters alone is a more quantitative procedure but
decisionsaboutl the critical values used for the paramecters arc themselves based 011 personal
experience. Thus the decision process is only moved back onestep. Inclusion of Cepheid .
variables pulsating in the first overtone (Bohm-Vitense 1990) is minimized by avoiding stars
with periods less than10 days. While Population 11 W Virginis stars might be expected
in aspiral galaxy with a type as early as that of NGC 3351, reference to published PPl
relations (Nemec & Lutz 1993) shows that even the longest period examples of these stars

would beinuch fainter than our detection 1 imit.

After cngaging inscparate scarches, we compared candidate lists and examined in
detail those stars flagged in only one secarch. We found this double scarch profitable. Most

variables (46) indeed were found independently i both data Sets. 1n3 cases with only a
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single discovery, the explanation lay inthe diflerent treatment of random events by the two
diflerent procedures. A more thorough analysis of the cffect of samples found separately
by ALLFRAME and DoPHOT' 1s given by Ferraresc et a. (1 996). ‘1'here it is shown that
the resulting distance moduli arc not sensitive to small changes in the selection criteria for
variables or the source of the sammple. our aim isto produce a single list of Iligl]-weight

Cepheid variables, free of bias,using the two photometric data scts.

Our finallist of variables is givenin ‘Jable 6. Coordinates based in WI'PC2
mcasurcinents and the stated position of the telescope are given. Notes arc given at the foot
of Table 6 following a visual inspection of the stars 011 {lic combined frames. IFinding charts
arc provided inFigures 3, 4, and5. Wc do not expect our list to be complete at periods
arounid10 days orless. A histogram of the period distribution (normalized to an integrated
total of 50) is shownasI'igure 6 and is compared with the Magellanic Cloud calibrating
sample (Madore 1985) (dashed lincs) and the Cepheid variables known in Fields 11, 11, and
1V of M31(Baade & Swopce 1963,1965 )(dotted lines). The agreement is unexpectedly good
evernyat snort periods but there may be a deficiency at longer periods. our data set, with a
time base of 54 days only allows inclusion of periodic variables with periods shorter than
this interval. 1t is possible that afew additions may be made following analysis of new data
following the HST revisit 1o NGC 3351 made inDecanber 1995 but it is clear that the
crowding and high backgroundmust limit our ability to detect variable stars over the whole

period range in these fields.

5. Light Curves and Mecan Magnitudes

The light curves, phascd to the periodsin ‘1’able 6, are reproduced in Figure 7. They
arc arranged in order of decrcasing period and are linedup so that phase = 1.0 corresponds

to maximum brightness. Theyare folded over two cycles to assist inthe study of their
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morphology. The adopted period is shownin cach pancl. A characteristic error reported
by ALLFRAME for the magnitudes in cach set is showninthe lower left corner of cach
pane], As mentioned earlier, these error barsinay be overly conservative for the brighter
stars. A perusal of the pancls in Figure 7 confirms that they arc typical of curves expected
from normal Cepheid variable stars with the rise to maximum being; faster thanthe decline
to minimum. Star c09 has an unusually low amplitude and aflat-bottomed light curve.
This immediately suggests the presence of a companion star and inspection of the frames
indeed shows a bright blue star which must be contaminating the photometry. Wc will thus

exclude c09 from the 1’1, fits.

MeanV and ] magnitudes arc routinely computed in two diflerent ways; as intensity
averaged magnitudes < V. >i, < 1 > and as phase weighted magnitudes < V >, < 1>,
(see Saha & Hocssel 1990b). For variable stars with uniforinly sampled light curves, these
coincide but whenever the phase coverage of thelight curve is not uniform, higher weighting
of theless cornmon phase points provides amore accurate estimnate of the meaninagnitude
thanasimple intensity average. 13oth arc listed in ‘Jable 7 for cach Cepheid variable star
along with the period andlog period. Since only 4 epochs have been observed inthe
I band, the poor phase coverage makes both the intensity averaged magnitude and the
phasc weighted magnitude representations of the mean / magnitude which arc sometimes
inaccurate. Advantage canbe taken of our better sampling of the form of the V light
variation. I'reedman (1 988) has found that there is a good correspondence between the V
and I light curves inthat, at least as a first approximation, onc can be mapped onto the
other by simple scaling. The ratio of V to T amplitude is found to be 1:0.51. Thus wc can
derive an additional corrcctionto the mean ] magnitude by first caleulating the diflerence
between the mican Vo agnitude from the complete V' data set and then a nican using only
those V data points i cor m non with the I observations and then by scaling this difference

withthe 1:0.51 ratio. The result is then added as a correction to the phase weighted J
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magnitude. This / magnitude, < I >a1, which we consider as the best estiinate with our
limited data, is aso listedin ‘Jable 7.By comnparing the columns 1 ‘1'able 7, it can be
scen that the diflerences between the columns, are generally siall. The average numerical
diflerence is 0.06 mag while the mean difference < I >47 - < 1>, is+4 0.014 0.01 showing

that no significant systematic error is introduced by this procedure.

An 1, V- I color maguitude diagram for all starsisshown as Figure 8. Cepheids arc
marked as filled circles, otlier stars as points. With two exceptions, the Cepheids lie in a
band bounded by V-1 = 0.5 and 1.5 mag. The blue star ¢46 is very faint, onc of the two
faintest in the Cepheid sample. The light curve, showninFigure 7, looks normal. The
abnormality is inthe very faint 7 magnitude which may be inac.curate because of the high
background. Visual inspection snows that c17has a very red companion star which must be
affecting the photometry. These two outliers are aso dropped from the PL. relations derived
inthe next, scction. While the Cepheids define an instability strip, the points representing
the field stars do not snow the same amount of segregation into diflerent populations as in
other papers of this series. It is possible that this is due toan unusually large amount of
differential reddening by dust inthis galaxy or toa relatively complex star formation and
chemical history. But we also note that some of these fields are much more crowded than
those we studied in NG C 925 and NGC 2090, for example, and that the fuzzy appcarance

of thered giant branch may just be duce to photometric errors.

6. Period-Luminosity Relations and the Distance to NGC 3351

Iollowing other papers in this series (Freedman et al. 1994a 1994h; Kelson ct al. 1996;
Ferrarese et al. 1 996; Silbermann et al. 1 996), the apparent V and I distance moduli to
NGC 3351 based on the D AOPHOT/ALILFRAME data sct arc derived using a standard

application of the published V and 1 1'1, relations listed by Madore and Freednian (1991).
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These depend on LMC Cepheid data scaled to a true modulus of 18.53 0,10 mag corrected

for an average line of sight (- V) reddening of 0.10 mag (¥(V-1)= 0.13 mag). They arc:

My: -276 log 1' - 1.40

M;= - 3.06logP - 1.81

To avoid bias in fitting the slopc duc to incompleteness at short periods, we continue
previous practice by fixing the Slo,)c to the Madore and I'reedman (1991) values quoted
above. Phase weighted magnitudes arc used. Withthe first pass of all the data in ‘1'able 7,
there were 3 outlying points which correspond to stars c07,c17,c46.Stars ¢17 and c46 were
coininented upon in the previous section. The star c07 has a very high background and a
poor light curve. Thus there is good rcason to climinate these stars and <09, also discussed
in section 5. TheV and I period luminosity plots are shown inFigures 9 and 10 with
the fits superposed. The solid lines represent the best unweighted fit. The dashed lines,
drawn at 4 0.54 mag in Figurc 9 and at =1 0.36 mag in Figure 10 reflect the finite width of
the Cepheid instability strip and thus the expected 20 scatter around the best fitting 1° 1,

relation. The functional relations arc:

<V > - 276 log 1 - 28.98
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<1 > :-3.06log 1' 4 28.42

These lead to V and I moduliof 30.38 -4 0.06 aud 30.23 : 0.05 mag respectively with
F(V-1)= 0.15:1 0.03 mag for the NGC 3351 Cepheids. Using the procedures described in
the papers cited above, the apparent moduliare related through the Cardellict a. (1989)
extinctionlaw of Ay:Av:A; = 3.3:1 .0:0,6 and used to derive a truc modulus of 30.01
0.07 mag. The quoted error is based strictly and formally on the observed o about the
mean as reduced by the square root of the number of remaining degrees of freedom. We
have madc an error budget for our determination. This is shown in 1'able 8. Note that
onc of the largest uncertainties still reinaining is the true modulus of the Large Magellanic
Cloud. Figure 11 demonstrates the anticipated correlation of the residuals from the V and
1 1'1, relations for the Cepheidsin NGC 3351, The solid line shows the expected slope
and full width of the anticipated correlation of data pointsif due to intrinsic strip-width
(temperature) effects. Most of the stars liec withinthis boundary. Most of the stars lic
within this boundary. The dotted line shows the reddening trajectory. Three stars onthe
upper right which appear to have unusually high reddening arc among the 4 whichlic below
the instability strip inthe PL plots. Incorporating al uncertainties, we {find a standard
crror of (). ] 9mag for the true modulus of 30.01mag for NGC 3351. This corresponds to
a distance of 10.05 40.88 Mpc. Analysis of the DoPHOT' data set gives a similar result.
Using the same procedures, the DoPHOT photometry gives apparent V and 7 mnoduli of

30.4'2 and 30.26 mag withI5(V-71)= 0.16 mag anda true modulus of 29.98 for NGC 3351.

Following a suggestion from the referce, we have looked into the possibility of magnitude
bias caused by the lack of fainter stars at a given period. We carried out our analysis
by starting with the brightest Cephicids and and calculating apparent and true moduli as

we increased the sample moving to fainter magnitudes. We found that there is indeed a
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systematic trend for the apparent modulito increase as wemoved fainter (contrary to what
onc would expect fora magnitude cut-of'effect). But it is sinall and amounts cumulatively
to approximately 0.1 mag. On the other hand, the true modulus calculated for these samne
samples Varies a lot less systematically and is clearly 110 more than 0.05-().07 mag. We
conclude that if this effect was taken into account it would make the final true modulus
smaller by that amount. The eflect is not a major onc and is uncertain with the numbes
of starsinvolved and we have refrained from making a correction to our finalresult on this

accoui lt.

7. Thel.co 1 Group and the Calibration of Secondary Indicators

The sheer diversity of its member galaxics makes the 1 .co | group animportant Last for
calibrating sccondary distance indicators, provided thatits own distance can be anchored
by a tried and proven method. We could attempt this with our new distance of 10.0 Mpc
based 011 this sample of 45 Cepheid variables in NG C 3351, but wc prefer to postpone
the calibration until more data from other groups of galaxies observed in the Key Project
become available. Kennicutt, Freediman, & Mould (1 995) and J acoby et a. (1 992) reviewed
the various sccondary distance indicators and provided asscssiments of their potential along
with uscful bibliographies. It is reinarkable, as onc reads through their lists how many such
indicators arc fcatured inone or other galaxy of thel.colgroup and it is useful to survey

what is alrcady known about them here.

Most of thel.ecol galaxies arcinacompact 3°X 1,5° core which includes both NGC
3351 and a sccond bright spiral NGC 3368( M96). Others are NGC 3377, NGC 3379( M105),
NGC 3384 and NG (C 3412. Surrounding NGC 3379 is aJarge intergalactic ring of 11 1
(Schneider 1985,1989) which may be interacting with NGC 3368, "T'he clliptical galaxy

NGC 3377, with its system of globular clusters has a faint dwarl companion galaxy 1)1)()
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88. Schneider (1 989) discovered a second, extremely faint dwarf galaxy which is also
apparently part of the g roup. Kight degrees away, at a transverse distance of the order of
1.5 Mpc, is the Leo 1 triplet NGC 3627( M66), NG C 3623( M65) and NGC 3628 which are
mutually involved in a tidal encounter (Burkhead& Hutter 1981 ). A com bined census of 50
galaxics is included in group 56 of Huchra & Geller (1 982). Some of these have questionable
membership (Schneider 1 W). We point out that another group in this part of the sky,
known as thel.eco 11 group,ismadeup of galaxies whichare much more remote,

(a) Cepheid Variables in NGC 3368(M96)

Cepheids have been studied with HST in one other galaxy in the Leo 1 group, NGC
3368( M96). A summary of the results has been published by Tanvir et al. (1995). They
found a distance of 11.640.8 Mpc corresponding to a true modulus of 30.32 mag based on
observations of 7 Cepheids. They obtained observations at 13 epochs inV over a period of
7 months. 1801’3 of these e¢pochs, I magnitudes were also measured. Intensity means only
were plotted and used in determining the PL relations. It is instructive to compare their
results with ours as the two galaxics are c. 1losc in the sky, separated by 41 arcinin which
corresponds to a transverse distance of 120 Kpcat 10 Mpc. Allowing for incasuring crrors,
their 11, relation inV scains to agree. with the one we derived with our larger Cepheid
sample. It is the 1’1, relation inJ which is approximately 0.2 mag fainter and leads to an
absorption correction less and, inturn, to a true modulus correspondingly greater than our
values. While this is arithmetically responsible for the larger distance that they give, it
may not be surprising as their field is spa rser and further out in the disk than ours in NGC
3351. Ilisconceivable also, as Tanvir ct al. point out, that there is a significant extension
of the group along theline of sightinthis direction but, if so large, it must be much greater
than the transverse separation.

() The Infrared Tully-1isher Relation (IRT17)
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There arc several galaxies inthe Leo ] group, including the two with known Cepheids,
whichare suitable for the calibration of the IRTY relation. The neighboring Lo triplet
NGC 3623, NGC 3627, NGC 3628 was included among the groups studied by Aaronson
& Mould (1 983). Using an carlicr calibration based on M31 and M33, they obtained a
distance modulus of 29..$34 mag with an observational uncertainty of 0.25 mag which is
broadly consistent with our value for NGC 3351. We note that, while a new distance to the
Lico {riplet would add these three new IRTE calibrators to those considered by Freedman et
al. (1 W), thisdistance is not necessarily the same as the distance to thel.eo 1 group that
we find in this paper.

(c) D,, - o Relation

This, a dynamical analog of the Tully-Fisher relation, is applied to large elliptical
galaxies or spiral bulges. As Jacoby et al. (1992) point out, the method has mostly been
applicd to measure relative distances since there are no ncarby examples of large clliptical
galaxics which canbe used for the calibration, Faber ct a. (1 989) haveincluded data for
two of the clliptical galaxies in the l.co 1 group, NGC 3377 and NGC 3379. Their distance
R:-8574 126 km s and a Hubble constant of 80 4- 17 kins™ ! Mpe ! yields a distance
of 10.7 4 2.7 Mpc which is consistent with our incasurement for NG C 3351.

(d) Surface Brightness IFluctuations (SBIY)

This quantitative criterion of the resolution of a galaxy into itsindividual stars has
been developed by Tonry (1 991) and his collaborators. Five l.colgalaxies NGC 3368, NGC
3377, NGC 3379, NGC 3384, and NGC 3412 have now beenobserved (Tonry et al. 199(i).
A new calibration of the SBF mncthods yields a modulus forl.co 1 of 30.14 nag -1 0.06
which ag rees, within observational uncertaintics, with our value for NGC 3351.

(c) Planctary Nebula Luminosity Function (PNLI)

The P NLF up until now has been mainly applied to ellipt ical galaxies and galaxies
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with bulges. With a calibration based on the planctary nebula luininosity function in M31
Ciardulloct al. (1989) find distances of 9.8, 10.6, 10.1 and 10.4 Mpc for NGC 3368, NGC

3377, NGC 3379 ant] NGC 3384 respectively with anuncertainty of about 0.7 in cach value.
111 avery recent paper, Feldmeir, Ciardullo, & Jacoby (1 996) confirm that the method can
be extended to later-ty})c galaxics and deterinine a new distance of 9.6 Mpe 4. 0.7 for NGC
3368(M96). The general agrecinent with our distance to NG C 3351 suggests that 110 large

revisions arc likel y to be required for this calibration.

(f) Expanding Photosphere Method for T'ype 11 Supernovac (15°M)

This is a refinement of the Baade-Wessclink method as applied to the expanding
envelopes of T'ype | Isupernovac. Descriptions of the method can be found in Sclinidt et
al. (1 994) and references therein. One of the main advantages of the method is the large
range of distances over which it canbe applied. SN1973R was in NGC 3627. The KPM
distance,15.04 7.0 is not well determined owing to the uncertainty of the date of maximum
(Schmidt, private communication) butitis broadly consistent withthe NGC 3351 valuec.
We arc hopeful of more Type 11 supernovacin order to Letter assess theimportance of this

promising distance indicator.

(g) Peak Luminositics of T'ype la Supernovace

The relatively low dispersion of this distance criterion and its large potential range
arc very attractive. llowcever, no type la supernovac have been recognized in the T.eo 1
group itsclf. SN1989R in the Leo triplet galaxy NGC 3627 is included in the sainple of
well observed type | asupernovae discussed by Phillips (] 993). It was obscrved intensively
at the time of outburst and very good spcctroscopic and photometric data arc available
(Wells ¢f al. 1994). SN1989B has alimost the samne decline rate as SN1980ON which occurred
il NG C 1316 of the Fornax cluster. Mark Phillips (private communication) has pointed

N

out that the strong i nk from Leo 1 to the Fornax ¢ Just er via the SBY and PNLI nicthods




along with the relative brightnesses of the two supernovac suggests that the Leo triplet has
a modulus smaller, by about 0.5 mag, than the Leo 1 group. NGC 3627 is on the existing

SN la program with HST and we thus expect a more direct calibration later.

(h) Globular Cluster Luminosity I'unction (GCLI?)

This method also has a large potential range andis described by Harris et al. 1991.
It is uncertain yel whether we will include this parameter for calibration) inthe Key
Project but inthe present context, we point out that Harris (IWO) has discussed gygailable
observations for NGC 3377 and NGC 3379. Using a combined GCL}® for these galaxies and
comparing it with that of the Milky Way globulars, he finds atrue modulus of 30.14
0.43 mag or a distance of 10.7 = 2.2 for the Leo I group (A foreground absorption Ak =
0.05 mag is assumed). Comparing the GCLY of theleol group galaxics with that of the
Virgo cluster galaxies, he finds a differential modulus of 1.42:1 0.41 mnag. Using our M100
Cepheid modulus, 31.043 0.21 mag (Ferrarese et a. 1996), this translates to amodulus for
Lco 1 of 29.59 o 0.46 (crrors added in quadrature) again consistent with our determination

for NGC 3351.

We have surveyed the various sccondary indicators again here to cinphasize that our
study of the Cecpheids in NGC3351 within the Leo I group is very much a small scale
preview of what we plan to achicve inthe Key Project as a wllolc, The Key Project is
cssentially a calibration task to tic downthese sccondary indicators sufficiently firmly that
our ultimate aim of determining a global g to within 10% can become a reality. Whilein
the course of our work, wc arcableto set limitsonlly (e.g. Mould ct al. 1995), the final

definitive values willnot come until after this task is completed.

The work presented in this paper is based on observations with the NASA /ISSA Hubble

Space Telescope, obtained by the Space Telescope Science Inst itute, which is operated by
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Ohs. Date

29/11/94
29/11/94
29/11/94
29/11 /94
07/1 2/94
08/12/94
16/12/94
16/12/94
19/12/94
19/12/94
19/12/94
19/1 2/94
22/12/94
22/12/94
24/12/94
24/12/94
28/12/94
28/1 2/94
01/01/95
01/01/95
01/01/95
01/01/95

05/01/95

‘7 able].

JD (1nid-exp)

2449686.349
2449686.402
2449686.418
2449686.470
2449694,462
2449694.562
2449703.442
2449703.500
2449705.789
2449705.832
2449705.856
2449705,910
2449708.537
2449708.596
2449711.285
2449711.338
2449714.905
2449714.958
2449718.501
2449718.644
2449718.658
2449718.711

‘2449723.07$

Log of Observations

Ioxposure Time

(sCc)

1500

15007

I'ilter

1“814w
'814W
I"555W
F555W
I'555W
I°'555W
IP555W
1°555W
[“(S14W
1814w
1"555W
1°555W
I'555W
17656 W
I'555W
1°555W
1555 W
1555 W
1'814W
1°814W

1555 W
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‘IT'able 1- Continued

Obs. Date  JD (mid-exp)  Exposure Time  Filter

(scc)
05/01 /95 2449723.135 1000 F555W
10/01 /95 2?449728.108 1500 F555W
10/01/95 2449728.162 1000 F555W
16/01/95 2449734.072 1400 I'555W
16/01/95 2449734.126 1000 F555W
16/01/95 2449734.141 1100 1814w
16/01/95 2449734.196 1400 1'814W
23/01/95 2449741.303 1500 I'555W

23/0]/95 2449741.366 1000 F555W
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Table 2. Apertu e Corrections

Chip

~  w

Jorrection

(a) FE55W (V)
-0.11
-10.01
-10.01
-0.03

(b) 1'814W (1)
-0.08
-0.10
-0.09

- 0.02

0.03

0.02

0.01

0.01

0.02

0.03

0.02

0.03



Star

2-1

2-2

2-4
2-5
2-6

3-1
3-2
33
3-4

3-5

4-|

54'7.97
557.27
520.86
442.18
160.42
164.35

383.79

534.78
235.86
465.27
404.84
720.38
332.97

227.28
256.38

90.05
489.34
179.65

656.59

559.33

Table 3. Magnitudes of

}7

88.07
273.30
313.31
353.84
524.22
731.32
736.19

123.05
160.35
372.67
483.77
514.69
645.04

135.08
24.1.66
265.90
297.90
535.92

674.71

131.17

R, A.(2000)

h m s

10 43 51.60
10 43 51.35
10 43 51.40
10 43 51.57
10 43 52.16
10 43 51.90

10 43 51.27

10 43 52.35
10 43 53.39
10 43 54.08
10 43 54.93
10 43 51.26
10 43 56.11

10 43 54.51
10 43 51.97
10 43 51.02
10 43 56.56
10 43 55.29

10 43 58.60

10 43 53.89

Bright Stars

Dec.(2000)
0 | 1

11 41 18.9]1
11 41 26.39
11 41 28.71
11 41 31.80
11 41 43.91
11 41 52.37
11 41 48.69

11 42 14.12
11 41 48.56
11 42 17.80
11 42 16.76
11 42 46.47
11 42 16.69

11 41 26.03
11 41 17.53
11 41 08.78
11 41 21.62
11 40 47.83
11 40 54.06

11 40 36.27

1%

(mag)

24,51
24.83
24.44
24.00
25.01
23.39
24.26

21,49
24.05
22.15
22.80
21,35
22.98

22.26
21.64
23.47
23.64
23.77
23.97

(inag)

24.68
24.95
24.27
23.84
25.15
23.35

2391

21.05
22.63
21.48
21.76
21.32
20,34

21.74
20.85
23.46

N
SN}
[
(o

23.33
23.61

23.46



Table 3 Continued

Star X y R.A.(2000) Dee.(2000) % 1

[ T T T - (mag)  (mag)

4-2 1 68.08 159.20 10 43 52.70 11 41 10.80 22.70 21.64
4-3 507.92 220.24 10 43 53.21 11 49 37.52 23.38 22.50
4-4 647.88 313.96 10 43 53.00 11 40 21,17 23.83 22.68
4-5 512.21 649.63 10 43 50.56 11 40 20.61 24.48 23.88

4-6 420.15 709.22 10 43 49.95 11 40 26.70 22.30 22.25
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Table 4. D AOPH OT/ALLFRAME minus DoP HOT Photometry

Chip

= W N

No.

6

[

12
16
13

Stars

‘A-V No. Stars

(a) Bright Stars
-0.15 - 0.03 7
-0.064 0.07 6
+ 0.033 0.03 7
-0.034 0.04 6

(b) Cepheids
- 0.04 -1 0.05 5
+ 0.064 0.07 9

0.004 0.03 15

-1 0.07:1 0.03 12

-10.05 4:- 0.02
-0.074.0.07
-0.04 3.0.03
-0.104 0.02

40.07 4. 0.08
-0.0240.09
-0.014 0.03

-10.01 - 0.03



JD
2449000 .-i

(686.375
694.492
703.471
705.815
708.567
711.311
714.931
718.617
723.106
728.135
734.099

741.333

‘Jableba.

c01 P=-43.0

V4 AV

24,7640.14

24.534.0.12
24.1530,08
24.2240.08
24.203.0.10
24.314:0.08
24.36-4-0.09
24.534:0.10
24.5740,10
24.654-0.11
24.8540.13

24.1640.08

33

V Photometry for the Final Sample

c02P= 41.0
V4 AV

24.11+40.07
24.6840.08
24.864 0.05
24.914 0.07
24.80: 0.07
24.6340.07
24.124 0.04
23.9740.05
24.09:10.06
24.2540.05
24.4530.07

24.65:10.06

c03P= 37.9
V4 AV

25.374-0.10
24.494 0.10
24.7640.11
24.7530.08
24.9240.10
25.1040.10
925.18-.0.12
25.37:10.12
25.5340.14
25.3040.14
24.4{)4 0.11

24.7630.11

c04P= 36.8
V 4 AV

24.3840.09
24.7040.11

24.8340.12
24.62:4:0.10
24.10:10.09
23.91:4:0.06
24.064-0.08
24.1340.12
24.3440.14

24.4730.07
24.6740.09
24.8210.10

c05 P=35.0
V4 AV

24.7840.13
24.7430.12
25.284 0.13
25.144-0.12
25.324-0.18
25.324:0.19
25.4140.16
24.9240.13
24.494.0.24
24.644 0.10
256.1240.15
25.3640.57



JD
2449000.

686.375
694.492
703.471
705.815
708.567
711.311
714.931
718.617
723.106
728.135
734.099

741.333

V Photometry for the Final Sample

‘1'able 5a
c06 P=34.5 C07P=34.5
V4 AV V4 AV
24.8540.08  26.2140.23
24.894-0.15 25.594-0.31
24.4940.12 26.0940.30
24.0640.08 26.0640.21
24.233.0.08 26.124:0.22
24.394:0.05  26,0030.26
24.61:4-0.11 26.324-0,40
24.774.0.11 26.0640.25
25.084-0.15 25.774.0.23
25.154:0.10 25.714.0.21
25.0630.12 25.594-0.23
24.034:0.13  25.7940.23

c08 P=32.0
V4 AV

24.694-0.21
25.024-0.27
24,0040.15
24.2130.14
24.2240.18
24.364.0.23
24.514:0.16
24.794.0.21

24.8740.20
24.8240.20
24.0820.13

24.344.0.70

c09 P=-32.0
V 4 AV

24.104-0.24
24.0040.10
24.0640.09
23.9840.09
23.924-0.11
23.7040.10
23.86+0.10
23.9430.09
24.034.0,11
24.11:10.09
24.11 +0.09

23.8040.08

cl0P= 27.0

V 4 AV

26.54 S0.32
26.4740.45
26.2230.30
25.8840.18
25.9640.17
26.024-0.20
26.114:0.25

26.524 0.32

26.624-0.34
26.124.0.35
25.7520.20

26.3540.35



JN
2449000.4-

686.375
694.492
703.471

705.815
708.567

711.311
714.931
718.617
723,106
728.135
734.099

74].333
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‘I'able 5a. V Photometry for the Final Sample

Cl1P=25.7

V 4. AV

24.914-0.15
25.294-0.12
25.404.0.16
24.344-0.07
24.533-0,09
24.744-0.09
24.974-0.24
25.3430.14
25.724-0.14
25.5740.16
24.5040,08

25.2540.18

cl2 P=24.7

V 4 AV

25,5230.07
25.7340.17
24.884 0.08
24.9740.10
25.463.0.10
25.364-0.16
25.8940.16
25.903.0,11
25.5840.15
25.003-0.09
25.4530.08

25.974-0.19

cl3 P=24.4

V4 AV

24.77:10,11

25.263,0.10
25.493.0.17
25,3540.14
24.4940.10
24.7140.11

24.7630.15
25.034-:0.14
25.4130,12
25.564-0.13
24.5530.17

24.9540.10

cl4 P=23.9

V4 AV

26.363-0.21
25.284-0.10
26.194.0.16

25.7740.12
25.934.0.12
26.0540.13
26.2330.19
25.054-0.10
25.5630.12
25.574:0.11
25.9440.14

26.034-0.16

cld P=23.4

V 4 AV

25,2630.18
24.464-0.12
24.76:0.12
24.9430.16
25.214-0.13
25.13:4:0.18
25.044-0.15
21.284 012
24,514.0.14
24.944:0.11
25.07+0.16

24.4740.10



JD

2449000,+-

686.3' 75
694.492
703.471
705,815
708,567
711.311
714.931
718.617
723.106
728.135
734.099

741.333

Table 5a.

cl6 P=21.6
V4 AV

26.243-0.14
25,6540.14
25.573-0.09
25.714:0.10
26.024:0.13
26.324:0.15
26.1130.19
25.374-0.14
25.834:-0.17
26.084 0.19
25.9540.21

25.353.0.12

36 -

V Photometry for the Final Sample

cl7 P=-21.4
V - AV

26.613-0.21
26.66 s-0.20
26.3830.16
26.4740.18
26.8740.22
26.8240.13
26.7240.15
26.664-0.24
26.464-0.16
26.51:10.24
26.9540.24
26.624.0.17

c18 P=20.8  ¢19P=19.8  C0P=19.5
V4 AV V4 AV Vi AV

25.8440.15  25.26+40.18

26.6930,15  25.284.0.13  26,0840.15
26.6030.19  25543-0.15  25.313-0.15
26344013  25.43+0.14  25.603,0.16
25.804-0.15  24.7140.10  25.7740.19
26.1340.14  25.024-009  25.824-0.12
26393017  25.4340.08 25883011
26.924-02]  25.5740.12  24.7440.11
26953041  26.1640.13  25.363-0.10
25.80:.0.11  24.5640.09  25.8040.09
26.3840.15 ~ 25.3940.13  25.8840.12
27.0240.32  25.84:-0.16  25.114.0.07
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‘I’able 5a.  V Photometry for the Final Sample
JD c21 P=19.0 C22P=117.5 c23 P=16.9 c24 P=16.1 c25P=16.1
2449000. V4 AV Vi4AYV V4 AV V4 AV vV 4 AV
686.375 25.8040.28 25,223.0.15  26.2940.24  25.84$0.22 25.4230.18
694.492 25.66+0.12 25.9540.20 26.33+4-0.31 25.553-0,16 26,113-0.24
703.471 25.5240.16 24.9640.16 26.474-:0.30 25.80:+0.16 25.654-0.17
705.815 25.7940.22 25.10:10.14 26.924:0.26 26.1930.16 25.8440.19
708.567 25.893.0.24 25.884-0.22 27.444:0.58 26.363-0.13 26.334.0.23
711.311 25.424-0.12 25.654-0.14 26.33-4.0.16 25.024.0.07 26.42:10.15
714.931 24.99:4+0.16 26.123-0.21 25.884:0.54 25.344:0.10 25.374-0.42
718.617 25.314 0.09 24.8340.15 26.864-0.26 25.874.0.16 25.414.0.14
723.106 25.664-0.19 25.1720.15 26.924-0.37 26.1540.17 26.0930.19
728.135 25.7640.18 25.5640.20 26.524-0.25 25.1040.08 26.064-0.16
734.099 25.0140.10 25.6440.25  26.0240.20  25.7440.14 25.25:10.13
25.534-0.20 25.6430.12 26,854.0.23 26.114 0.18

741.333




JD

2449000.-i

686.375
694.492
703.471

705.815
708.567
711.311

714.931

718.617
723.]06
728.135
734.099

741.333

Table ba.

V' Photometry for the Final Sample

c26 P=16.0
V 4 AV

25,61 4:0.22
25.10+0.14
25.5840.17
25.68:4.0.14
25.564-0.17
24.874-0.08
24.944-0.13
25.3640.14
25.754-0.14
24.674.0.11
25.4940.13
25.354-0.14

c27 P=:-15.8
V4AY

26.144 0.30
25.234-0.12
25.943-0.23
26.1340.21
26.323-0,38
25.3040.15
25.5840.28
26.0730.30
26.0640,22
25.4540.15
25,774-0.17
25.524 0.35

c28 P=-15.4
V4 AV
25.1430,14
25624011
25.0340.12
25.243.0.13
25.694-0.17
25.9640.21
25.6830.15
25.0930.09
25.5640.55
25.744-0.24
25.074:0.13

25.5640.13

c29 P=15.2
VvV 4 AV

25.224.0.09
25.133-0.17
24.724.0.09
24.884-0.09
25.253.0.46
25.2030,12
25.344.0.11
24.724,0.09
25.003.0.13
25.2140.14
24.68:1 0.09
25.164:0.10

c30 P=15.2
V 4: AV

25.504-0.20
24.8940.12
24.6840.13
24.704.0.19
25.253.0.17
25.2240.17
25.4040.15
24.68+0.32
25.10:0.15
25.2140.16
24.5940,14

25.1240.18
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7able 5a, V Plhotomnetry for the Final Sample

D ¢31P=15.1
¢449000. - V+AV
2449686.375  26.4440.21
2449694.492  25.6630.20
2449703471  26.2940.30
2449705.815 25.534:0.16
2449708567  25.774:0.22
2449711311  25.974-0.29
2449714931  26.14:40.21
2449718.617 26.124-0.26
2449723106  25.774:0.14
2449728135  25.974-0.14
2449734.099  26.14-0.13
2449741333 25.894 0.14

c.32P:-14.4
V4 AV

26,1540.30
25.344-0.16
25.7730.26
25.1240.10
256.4740.18
25.634-0.18
26.324-0.25
25.7240.25
25.404.0.13
25.8340.19
25.3430.54
25.7330.13

C33P=14.0

V 4 AV

25.7330,19
24.7230.11
25.774:0.13
25.5730.15
25.104:0.13
25.2240. 3
25.51:4:0. 9
25.964-0. 7
24.9240 0
25.57:10.32
25.643-0.]1
25.2630.13

c34P= 14.0
V4 AV

25.8540.27
26.5140.39
25.8540.24
26.0740.31
26.2540.35
26.964-0.71
25.64-1 0.37
26.134.0.28
26.58:4 0.43
26.30:10.38
26.23:10.35
26.2040.33

c35P= 135

V 4 AV

25.603-0.11
26.0440.18
25.373-0.14
25.714+0.18
25.863-0.16
26.8340.18
25.2530.13
25,6930.14
26.4430.38
25.1440.11
25.664 0.17
25.5630.22



JD
2449000.-1

686.375
694.492
703.471
705.815
708.567
711.311
714.931
718.617
723.106
728.135
734.099
741.333

c36 P=13.4
V 4 AV

25.904,0.14
26.094.0.15
25.794:0.15
25.7930.18
26.454-0.21
26.3040.34
25.3140.12
26.414-0.22
26.494-0.25
25.244-0.13
25.91 4+0.21
25.64- 0.16

V' Pholometry for the Final Sample

c37P= 134
V4 AV

25.844.0.24
25.734 0.16
26.4440.24
26.324 0,24
25.654-0.15
25.5830.18
25.6940.21
25.9830.21
25.1640.16
25.8240.16
25.834-0.21
25.674 0.20

c38 P=13.2
V 4 AV

25.824-0.27
25.56- 0.18
25.474-0.22
25.614 0.27
25.80-4:0.19
26.184:0.25
25.584-0.17
25.654-0.2]
26.1130.21
25.35+0.20
25.704:0.26
25.6030.20

39P=12.8 40 P=12.5
V4 AV Vi AV
25.764 0.18  25.9140.29
25.334-0.13  26.484,0.17
25.8240.11  26.3740.19
25.204-0.07  26.754.0.41
25.434-0.17  26.654-0.18
25.853-0.19  25.72:0.18
26. 134012  26.4640.28
25.074-0.08  20.68:40.16
25.604.0.17  25.963.0.17
25.8840.12  26.3540.18
25.6130.08  26.1040.16
25.894 018  26.3140.16




JD
2449000.-i

686.375
694.492
703.471
705.815
708.567
711.311
714.931
718.617
723.106
728.135
734.099
741.333

Table 5a.

c41P=12.3
V 4 AV

25.923.0.22
25.2740.17
25.4140.26
25.134-0.11
25.964-0.23
26.154-0.23
25.974-0.22
25.49: 0.16
26.034-0.19
25.484-0.14
25.794-0.20
25.3930.11

V Photometry for the Final Sample

c42 P=-12.3
VAV

25.394 0.17
25.5140.13
25.7430.14
25.434-0.14
24.96+0.16
25.313-0,13
25.6040.18
25.47:10,12
25.25:10.14
25.754 0.18
25.0630.11
25.723-0.17

C43P-=118
V4 AV

25.9030.18
25.754 0.17
26.32:10.16
25.774-0.15
25.96:0.21
26.3630.27
26.844-0.24
25.794.0.09
26.4940.23
26.09:10.23
26.264-0.21
25.78-4 0.16

c44 P=-11.4
V 4 AV

26.3940,17
26.104 0.16
25.984.0.16
25.9340.13
26.534-0.11
26.774-0.22
25.9340.18
26.354 0.23
27.0540.25
25.8740.15
26,8440.28
26.2740.20

c45P= 11.2
VAV

25.6440.16
25.85:0.20
20.334 0.22
25.8740.24
25.594-0.22
25.9630.12
26.644-0.42
25.98:1 0.16
26.224 0.24
26.0730.25
26.0340.15

25,803.0.18



JD
2449000.

686.375
694.492
703.4'71
705.815
708.567
711.311
714.931
718.617
723.106
728.135
734.099

741.333

- 49 -

Table 5a. V' Photometry for the Final Sample

c46 P=11.2
V4 AV

26.60:10.32
26.353-0.23
26.344 0.18
26.36:10.33
26.83-4 0.33
26.064 0.27
26.3840.27
26.583.0.21
25.9130.32
26.294 0.28
25.9430.17

26.634-0.36

A7 P=-10.6
vV 4 AV

26.0340.18
26.1530.17
25.744.0.17
25.90:10.11
25.9140.21
25.3644 0.17
25.854 0.16
26.0640.24
25.4740.16
26.164 0.25
25.5540.16

25.7630.21

c48 P=10.6
V 4 AV

25.9040.25
25.874-0.13
26.4040.39
26.03:10.25
26.37:10.21
26.65-4.0.28
26.214 0.33
26.1340.37
26.5130.28
25.7430.23
26.4640.37

26.2540.17

c49 P=—10.0
V 4 AV

26.863-0.54
26.11:.0.22
25.9530.12
26.2140.22
26.9740.32
26.444-0.38
26.34+0.21
26.4640.23
26.2(240.35
26.673-0.24
26.11+4 0.15
26.36- 0.30




JD

2449000+

.43 -

Table 5b. 1 Photometry for Final Sample
co] P:= 43.0 c02P= 41.0 c03P:= 37.9 c04P= 36.8 c05P: 35.(I
14 Al 14 Al 14 Al 14 Al 14 Al

686.444
705.883
718.686

JD
2449000+

686.444
705.883
718.686

734.169

734.169

23.7640.08 23.263-0.05 24.4530.09 23.35:10.07 23.7540.11
23.314-0.07 23.714-0.06 23.4840.09 23.744-0.07 24.01 +-0.14
23.4240.10 23.054-0.05 24.1540.08 23.304 0.08 23.8930.11
23.694-0.07 23.2340.06 23.6440.08 23.674-0.07 23.8240.12

Table 5b. I Photometry for Final Sample

c06 P=234.5 <07P= 34.5 c08P= 32.0 c09P=320cl0OP= 27,0
14 Al 114 Al 14 Al 14 Al 14 Al

23.604 0.13 25.6930.67 23.7130.13 23.363-0.09 24.98:10.33
23.22-4 0.10 24.9940.31 23.2730.10 23.41:4 0.12 23.824 0.09
23.6130.09 25.24,1 ().33 23.73,{ 0,10 23.37,10.09 24.47,10.20

23.9740.09 25.5140.39 23,3830.09 23.5130.08 24.904 0.28
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Table 5b. I Photometry for IFinal Sample

JD cl1P =257c12P: 24.7 c13P= 24.4 c14P=23.9c15P: 23.4
2449000-i | + Al 1:1 Al 14 Al 14 Al | - Al

(X6.444  24.10:+0.12 24.2240.41 24.0540.10 24.754:0.13 23.8330.12
705.883  23.824-0.09 24,0740,10 24.6630.15 24.4330.12 23.7430.13
718.686  24,343-0.13 24.694 0.13 24.434-0.13 24.244 0.09 23.454 0.10
734169  23.8540.08 24.8830.19 23.8930.08 24.0440.12 23.7840.27

‘I'able 5b. ] Photometry for Final Sample

JD cl6 P =21.6 c17 P=214¢c18 P= 20.8 ¢19 P=19.8 c20 P=19.5
24490004 13. Al 1:1 Al 1:1 Al 14 Al 14 Al

686.444 24.5340.16 24.4740.08 24.6330.15 24.3530.09 24.6430.19
705.883 24.64 406.12 24.4230.10 25.2240.17 24.224 0.14 24.414-0.13
718.686 24.264 0.12 24.5340.08 25.3340.18 24.0540.08 23.93: 0.20

734.169 24.87:10.16 24.4940.10 24.9930.10 24.7040.09 24.4240.13



Table 5b. 1 Photometry for Final Sample

JD 21 P=19.0c22P=175 ¢.23 P=-169 c24 P=16.1¢25P:16.1
2449000+ 14 Al 14 Al 14 Al 14 Al 14 Al

686.444  24.79 40.20 24.083.0.15 25.3340.28 24.644-0.16 24.5940.15
705.883  24.3840.15 24.21 +40.11 25.573-0.25 25.094 0.18 24.664 0.14
718.686  24.43+0.1523.974:0.12 25.5340.30 24.654-0.39 23.2840.39
734169  24.1440.1124.444-0.16 25.3540.23 24.723-0.16 24,5040.11

Table 5b. 1 Photometry for Final Sample

JD c26 P= 16.0 c27 P= 15.8 ¢28P=:15.4c¢29P- 15.2 ¢c30 P: 15.2

2449000- 1 Al 14 Al 14 Al 14 Al 14 Al

686.444 24.4140.14 24.8330.20 24.374 0.14 24.213.0.14 24.84:10.22
705.883 24.64:10.16  24.8830.19 24.4730.14 24.15:10.18 24.1440,12
718.686 24.68:10.14 24.9130.19 24.3540.11 23.99- 0.12 24.16:10.12
734,169 24.45:10.13 24.8040.17 24,3040.13 24.01:40.1024.104 0,11
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Table 5b. 1 Photometry for Final Sample

JD

2449000-i

686.444
705.883
718.686
734.169

JD

2449000-1

686.444
705.883
718.686
734.169

c31P= 151 ¢32 P:= 14.4 ¢33P: 14.0 c34P=14.0c35P: 13.5
14 Al 14 Al 14 Al 14 Al 14 Al

25.5230.20 25.424-0.75 24.3830.17 25.424-0.26 24.674-0.19
24.80 40.14 24.5540,14 24.1540.14 25934058 . ..
24.8240.17 24.29,10.16 25.8130.43 24.70+4-0.18

25.2930.21 24.794 0.18 24.09:10,14 25.724-0.48 24.80+0.11

Table 5b. 1 Photometry for Final Sample

c36P= 13.4 c37P= 13.4 ¢38P= 13.2 39 P=12.8 40 P-12.5
14 Al 14 Al 14 Al 14 Al 13 Al

25.0740.17 24.9740.22 24.7730.49 25.034 0.20 25.20,10.24
25.164.0.28 24.764 0.45 24.81-4 0.24 24.494 0.12 25.6230.23
24.72:401(; 25.1740.29 24554021  24.614 0.12 25,5930.27

2510{ 0.22 251 14 021  24.93:10.22 24.6240.10 25.24,10.19
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Table 5b. I Photometry for Final Sample

Jb c41P=123c42P= 12.3 ¢43P=11.8c¢44P= 11.4 c45P= 11.2
2449000-1 14 Al 14 Al 14 Al 14 Al 14 Al
686.444 24.9040.20 24.90,10.28 25.043-0.24 25.8530.18 24.78:10.14
705.883 24.804-0.21 24.873.0.23 25.0730.15 25.324-0.20 25.0030.26
718.686 25.033-.0.22 25."2540.48 24.9940.17 25.2640.19 25.0640.18
734.169 25.28-.0.24 24.72,10.16 24.914-0.14 25.584.0.31 25.2540.21
Table 5b. 7 Photomnetry for IFinal Sample
JD c46 P=11.2 c47 P=-10.6 c48P= 10.6 c49P= 10.0
2449000+ 14 Al 1:1 Al 1:1 Al 14 Al
686.444 26.00:10,59 25.21:10.36 25.44:10.54 25.43:1 0.44
705.883 25.97-0.81 25.49:10.38 26.044-0.86 25.15:1 0.44
718.686 26.8541.94 25.47:10.29 25.4130.33
734.169 26.374 0.87 25.0240.20 25.6440.40 25.54-1 0.60




Star

cl2
c13
Cl4
cld
16
cl7
cl8
c19
c20

2]

Chip
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‘1’able 6.Positions and Periods for Ceprheid Variables

X

138.63
546.13
462.26
391.30
126.93
561.55
382.20
134.01
475.83
452.99

9248.06
150.05
785.11
736.44
606.41
255.73
463.78
469.15
402.05
083.5(;

614.73

y

111.42
125.85
583.11
111.69
218.77
711.47
552.03
27'7.87
240.19
637.15

584.83
432.48
379.89
437.25
359.57
617.34
254.91

455.80
342.50
195.64

584.73

R.A.(2000)

h o [

10 43 52.92
10 43 51.54
10 43 50.83
10 43 53.58
10 43 54.05
10 43 58.07
10 43 55.41
10 43 54.39
10 43 53.23
1043 55.74

10 43 50.26
10 43 54.83
10 43 52.94
10 43 52.46
10 43 57.46
10 43 55.98
10 43 51.62
10 4351.37
10 4352.17
10 43 52.77

10 43 58.11

1) ec. (2000)

O ! "

11 41 15.20
11 41 20.40
11 40 27.44
11 40 52.17
11 41 41.04
11 40 49.64
11 42 17.44
11 41 43.99
11 42 13.48
11 42 27.26

11 40 47.00
11 40 55.89
11 40 52.94
11 40 07.86
11 41 20.49
11 40 43.28
11 41 27.22
11 41 35.56
11 40 42.26
11 41 31.54

11 41 00.34

])

(days)

43.0:.1.0
41.04-1.0
37.9:41.0
36.8- 1.0
35.0:}-1.0
34.541.0
34.5:10.5
32.03- 2.0
32.04 1.0
27.04 05

25.740.8
24.741.5
24.4: 0.3
23.930.2
923.4- 0.2
921.64 0.2
21.440.2
20.8:0,2
19.84 0.2
19.54 -().2

19.0,10.2

Notces

[y

6
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‘Jable ¢ Continued

Star  Chip X y R.A.(2000) 1) cc.(2000) i\ Notes
11 m s o (days)

22 2 789.28 250.71 10 43 52.55 11 42 42.23 17.530.1 7
c23 4 781.84 376.43 10 43 52.96 11 40 06.32 16.941.0 8
c24 4 684.23 404.73 10 43 52.53 11 40 14.10 16.13-0.1

c25 2 749.20 291.81 10 43 52.81 11 42 40.26 16,13-0,2

c26 3 247.31 314.20 10 43 55)1 11 41 10.46 16.04 0.1

c27 2 053.00 204.09 10 43 54.16 11 41 33.78 15.840.1 9
28 3 183.71 457.75 10 43 55.11 11 40 54.90 15.430,3

c29 3 201.90 183.86 10 43 54.48 11 41 20.48 15.230.2

c30 2 477.18 242.98 10 43 53.25 11 42 13.70 15.240.1 10
c3l 4 087.68 674.51 10 43 49.30 11 40 58.07 15.14 0.2

c32 2 756.19 570.06 10 43 5451 11 42 51.95 14.430.1

C33 3 101.11 367.81 10 43 54.36 11 40 59.81 14.03-0.2

C34 2 630.41 576.08 10 43 54.89 11 41 25.17 14.04-0.1 1
c3d 3 132.76 102.23 10 43 53.84 11 41 25.17 13.54-0.3

c30 4 642.59 159.86 10 43 53.94 11 40 27.38 13.44 0.2

C37 4 321.55 102.64 10 43 .53.45 11 40 58.89 13.440.2 12
c38 2 21543 117.08 10 43 53.18 11 41 44.95 13.230.1

c39 1 770.97 340.06 10 43 50.65 11 41 25,27 12.840.4

c40 3 370.67 (28.81 10 43 56.72 11 40 46.72 12.530.2

(41 3 413.95 288.78 10 43 56.08 11 41 19.22 12.340.1

oV 3 224.95 061.97 10 43 51.30 11 41 32.44 12.340.1 13




Table 6. Continued

Star Chip X y R.A.(2000) ) cc.(2000)

h m s ¢ b
c43 3 328.75  648.46 1043 56,51 11 40 4331
c44 4 310.73  369.75 10 43 51.76 11 40 49.53
c45 3 564.20 678.31 10 43 58.05 11 40 50.27
C46 2 209.64 541.90 1043 55.82 11 42 01.42
cA7 3 436,49 683.77 10 43 57.27 11 40 44.33
C48 3 680.53 517.58 10 43 58.34 11 41 09.04
c419 3 589.75 496.76 10 43 57.72 11 41 07.36

11.840.2
11.440.3
11.23"0.2 14
11.230.2 15
10.630,1
10.6-.0.1
10.04+0.1

'c07: very high background - poor light curve - excluded from P1.{it.

2¢09: low amplitude, flat bottomed lightcurve - photometry contaminated by bright bluc

companion - excluded from PL fit. well separated from ¢30.

3clo: high background - low quality light curve.

1c14:
Sc17:

6¢21: onc deviant pointinlight curve.

7¢22: closc to edge of frame - some deviant phasc points.

8¢23: clumpy background - low quality light curve.

9¢27: very close to edge of frame.

19¢30: close 1o but w a1 separated from <09.

"1¢34: background high.

19 o N D A ) - 1.1 4

clongated image - consistently rejected by D AOPHOT - DoP HO'T' used.

image elongated - red companion - very red color - excluded from Pl. fit.



Table 7. Periods/Mcan Magnitudes for Cepheid Variables

Stan r log]’ <V>n <V>u <1>, <I> <1>ap
(days)
<01 43.0 1.633 24.42 24.42 23.52 23.49 23,46
c02 41.0 1.613 24.41 24.39 23.29 2331 23.42
C03 37.9 1,579 24.95 24.95 23.86 23.81 2391
Co4 36.8 1.566 24.38 24.36 23.50 23.52 23.47
c05 35.0 1544 25.00 24.99 23.86 23.86 23.86
c06 345 1.538 24.57 24.65 23.56 23.56 23.58
c07 34.5 1.538 25.92 25.90 25.32 25.31 25.33
c08 32.0 1.505 24.44 24.47 23.50 23.48 23.53
c09 32,0 1.505 23.96 23.97 23.41 2341 23.37
clo 27.0 | .431 26.18 26.21 24.78 24.72 24.64
cll 25.7 1.409 24.96 25.04 24.01 24.05 24.15
cl2 24.7 1.393 25.42 25.42 24.42 24.38 24.45
cl3 24.4 1.387 24.97 25.03 24.21 24.34 24.31
cl4 23.9 1.378 25.76 25.75 24.33 24.35 24.35
c]d 234 1.369 24.79 24.76 23.69 23.63 23.64
cl 6 21.6 1.334 25.81 25.77 24.55 24.52 24.55
cl? 21.4 l.330 26.63 26.63 24.48 24.49 24.45
18 20.8 1.318 26.32 26.41 25.01 25.00 24.91
(19 19.5 1.290 25.26 25.28 24.29 24.31 24.26
(“20 19.5 1.290 25.60 25.47 24.32 24.30 24.32

21 19.0 1.279 25.49 2h.47 2441 24.35 24.13




Star

¢4l

4?2

I)
(days)

17.5
16.9
16.1
16.1
16.0
158
154
15.2
15.2

151
144
14.0
14.0
135
13.4
13.4
13.2
12.8

12.5

12.3

12.3

log]’

1.243
1.228
1.207
1.207
1.204
1.199
1.188
1.182
1.182

1.179
1.158
1.146
1.146
1.130
1.127
1.127
1121
1.107

1.097

1.090

1.090

‘1’ able! 7- Continuced

<V >

25.40
26.56
25.70
25.77
25.27
25.73
25.41
25.02
24.99

25.94
25.60
25.35
26.16
25.67
25.87
25.76
25.68
25.58
26.26

25.62

25.40

<V >pp

25.45
26.47
25.65
25.72
25.22
25.75
25.44
25.06

25.03

25.93
25.60
25.33
26.18
25.73
25.95
25.77
25.70
25.60
26.27

25.69

2H.38

<1>in

24.16
25.44
24,75
24.49
24.53
24.85
24.37
24.08
24.27

25.16
24.85
24.22
25.70
24.72
25.00
24.99
24.75
24.67

25.39

24.98

24.91

< 1>,

24.23
25.45
24.87
2454
24.56
24.86
24.40
24.15
24.38

25.13
24.92
24.25
25.59
24.71
24.99
25.03
24.75
24.73

25.36

24.94
24.89

<]>AI

24.30
25.42
24.65
24.61
24.64
24.71
24.52
24.22

24.38

25.22
24.90
2 4

25.66
24.76
25.09
24.89
24.76
24.78

25.39

25.06
24.96



Table 7- Continued

Star P logP < Vo>, <V>u <I>h <I>5 <1I>a
(days)
c43 11.8 1.072 26.00 26.14 25.00 24.99 25.11
cd4 114 1.057 26.27 26.29 25.47 25.48 25.60
C45 11,2 1.049 25.96 25.99 25.01 25.04 25.04
c46 11.2 1.049 26.32 26.30 26.24 26.19 26.23
c47 10.6 1.025 25.80 25.75 25.29 25.25 2525
C48 10.6 1.025 26.17 26.21 25.60 25.63 25.67

c49 10.0 1.000 26.35 26.39 25.36 25.43 25.37




(©)

(d)

(1)

‘Jable 8.

Source of Uncertainty

I'555W calibration
1{’814W calibration]]
V photometry zero

1 photometry zero

cumulative. errorV

cumulative error ]

PLAit (V)

PL fit (1)

True Modulus

1.M C Modulus

Total Uncertainty

" Frror J3udget

Error

4 0.04

4 0.04
14 0.03

4 0.04

4 0.05
4 0.06

4 0.06

10.05

4 0.16

-1 0.10

4 0.19

Comment

(errors uncorrelated)

due to A,B,e,f

(errors corrclated)
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Fig. 1.- A V image of NGC 3351 with the Hubble Space Telescope field marked. It is
adapted from 3 10-minute CCD frames taken with the Las Campanas 2.5m du Pont telescope
011 May 31, 1995. The PC chip covers thesmallest field (chipl). Moving anti-clockwise,the

other 3 W}2 fields correspond to chips 2,3 and 4.

Fig. 2.- Sampling variance of light curves from data takenusing the exposure sequence

givenin Table 1.

Fig. 3.- 3(a) Chip1¥Finding Chart. The locations of the NGC 3351 Cephicids onchipl
(Planctary Camera) of the WIFPC2 instrument arc marked. The field of view is 36 x 36
arcscc. The Cepheids are circled and labeled with their identification nuinber from Table
6., 3(b) Chip 2 Finding Chart. The locations of the NGC 3351 Cepheidson chip 2 (Wide
Field Camera) of the WI'PC2 instrument arc marked. The field of view is 1.3 x 1.3 arcmin.,
3(c) Chip 3 Finding Chart. The locations of the NGC 3351 Cepheidson chip 3 (Wide Ficld
Camera) of the WFPC2 instrument arc marked. Scale similar to FFigure 3(b).,3(d) Chip 4
Finding Chart. The locations of the NG C 3351 Cepheids onchip 4 (Wide Field Camera) of

the WIPC2 instrument are marked. Scale similar to Figure 3(b).

Fig. 4.- Cepheids on Chip 1. Finding charts for individual Cepheids located on chip 1.
The field of view is 4.5 arcscc (100 pixcls)on a side. The Cepheids arc circled and labeled

with their identification numbecrs as listed in ‘1’ able 6.

Iig. 5.- Cepheids on Chips 2, 3 and 4. Finding charts for individual Cepheids located on
chips 2, 3 and 4, The field of view is 10 arcsec (100 pixels) on a side. The Cepheids are

circled and labeled with their identification nu mbers as listed in Table 6.

Iig.6.- A histogram of periods of the NGC 3351 Cepheid variable stars (solid lines). It is
com pared with histograms made from similar lists of Ceplicids foundin M 31 (Baade and

Swope 1963,1965) (dotted lines) and the Magellanic Cloud calibrating sample (Madore 198:))



(dashed lines) . Yach list is normalized toan integrated total of 50 stars.

Fig. 7- ALLFRAME V magnitude light curves for each Cepheid variable. The adopted
period is shown along witha characteristic, uncertainty range as reported by A LLFRAMI

for a typical point.

Fig. 8.- An I, V-1 color magnitude diagramn constructed using the mecan photometric
magnitudes of all stars measured in ALLFRAME. Cepheid arc shown as filled circles
and populate the instability strip. Internal reddening withinthe galaxy may contribute

substantially to the distribution of the points.

Iig. 9.- The V 1'1, relation for the sample of Cepheids. Four stars, c07, c09, cl 7 and c46
are not included (sce text). The solid line represents the best unweighted fit using phase
weighted mean magnitudes and corresponds to a modulus of 30.384-0.06 msy. The dashed
lincs drawn at 40.54 mag reflect the finite width of the Cepheid instability sirip and thus

the expected 20 scatter around the best fitting Pl relation.

Fig. 10 Thel }’1, relation for the sample of' Cepheids. Four stars, ¢07,c09, c17 and
c46 arc not included (sce text). The solid line represents the best unweighted fit. Phase
weighted mean] magnitudes (computed using phase information and magnitudes from the
V light curves (see text))are used. Theapparent modulus is 30.2330.05 mag. The clashed
lines drawn at 4:0.36 mag reflect the finite width of the Cepheid instability strip and thus

the expected intrinsic 20 scatter around the best fitting L relation.

Fig. 11.- Magnitude residuals in I arc plotted against magnitude residualsinV from the
corresponding Pl relations for NGC 3351. T'he knownlimits of the Cepheid instability strip
arc showi 11l by the heavy solid line. The corrclation expected duce to differential reddening is
shown by the dotted line. Stars which scatter 1o the right may be subject to unusually high

reddening duc to dust absorption withinNGC 335].



